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A-“w$nd.-tunnelinvestigation”~ias‘~onducted tQ:de$er-~>~e~:-

the;~~y~ct$cability of the dvooped-ai leron-~3rPe~xateral+ ::..;.:...
control devioe .on l?AGA“low--drm airfoils. : Section a~r.o~”-:,.,’”.
dyti&’ij5ctirb.cteri.sti.osof an fiACA66(2~.b)-~~6(a =;0,6) . .“
ai”rf’o”i”l...;wtth-an aileron of norr,alprqf iSe and $Jith..a.?ie:ilero:n.
of s,trs.ight~sid.bdprofile witb~ a m,odified,.noae shape are ..”,~:--~
pr:sented ‘forvarious s.ileronlocations, hinge centers, and :.
aerody~amic ‘balances. ... .. ....”,->!...-,.-.

..-
Basic data consisting of contours of’c.ontrol.lo”ciattqn..: ,

for maximum section lift coeyticient end for minimm profile .
drag coefficient f’orvarious control’deflec~lons are also
pre&ented for use as an aid in aileron e,nd.fle.pdesi-gn..’”

Extensive computation~ were made of the,”late’r~j~corltrp,l
characteristics of three hypothetical airDlane-s of ~~idely
d’iffereritsizes. The resukts of these computations in~ie~~e- :
that the drooped aileron can be ap:]lied qucce~sfullyto:air-~ “
,pla~btiof spans rangin~ from U-5 to 11!-1 feet, Fur%Ger, ..the
adverse. yaw due to full aileron deflection does-nbt.ap,pp.fito
be” so ‘@eat as to produce excessive angles of sides~ip .“
,(rudderlocked), or so great as to rentier the rudder l~ce.pable —.—
‘bf trimming the airplane to zero sideslip.- .“‘ ‘ ..”,. ;:_:fl_ ~

., ..’ ,-,.-

The profile or the &rooped@,lergn is critical-as _
evidenced by the nonlinear hinge-uoment characteristics of
the normalyprofile aileron. ....

.“.‘..:
—

.- -L- .::.L ,.
.,., INTRODUCTION

.’
.- ... ..,.,

..- TheNational ~fivisoryComii~~ee;f’or Ae~onautkOs ,ha;:~f-&
Some time been conducting r’eqearch;ig:,.,aneffort to~~&%q~op.,::
suitable latera.1-contmol devices whitih pcrm.~t thG tise.q~,“
full-span flaps. The need for such research 1s readily ““~”:--
understood in t?aelight of tkm ~resent design trends t’oward



higher wing loadings with the attendant Mgh landh~ Speeds*
One lateral-control device for use with full-span flaps is
the drooped aileron which~. in effect, merely utilizes the out-
board portion of’a full-span flap to hbtain lateral control.
The operation of the drooped ailerons IS from the .pilotrs
point of view, no more cqnplicated.than \he operation of
normal flaps. The mechanism which extends the flaps also
places the aileron in their drooped position, The ailerons
are then.deflected differentially to provide lateral cOntrOl*

.—

Some of the problems of lateral control introduced by
the use of high lift devices have been Summarized in
reference l-a It was noted.therein that the ratio of induced
yawing to rolling moment ~ncr.easeeadve~sely in direct pro=-
portion.to the lift coefficient. Furthermore, the effect
of a given yawing moment on.the rolling colltrol.isusually
greater with flaps in use ‘because o.f.thdincreased dihedral
effect of the flap. .,Thu@ it was, conoluded to be almost
necessary to use some device for lateral control that causes
large changefiof profile drag resulting in a favoreble COP -..
ponent of yawing momentj or to resort to p~.rtixspan flaps
to reduce the Induced yawing moments,

In the past, it did not apnear that droopet e.ilerons
on conventional airfoil sections would adequately solve these

.+.

problems. Howeverj a preliminary examination of–slotted flaps .

on low-drag airfoils ind.ic~.teddrag ch~gacterist$cs supertor
to those for conventional sections; It agpeared that if a

J-’

suitable ratio between UE ~.nddo:,m+.il.erondeflGctiOnS were - :“
used so as to remdn with’in.the region of favorable drag
characteristics, the effectiveness of the drooped aileron
~:rouldbe .ade~uate and.the adverse yaw would not be tOQ severe.
It remained to determine if the htnge-moment characteristics
could be made to provide satisfactory control forces-
Therefdre, the present investigation ~’asundertaken to deter-
mine if the obstacles could be overcome with a slotted-type
aileron oh a low-drag airfoil. —

Two 0.2~chord ailerons were tested, one of normal
profile, and one of straight-sided profile with a modified
nose sha,pet Various amounts of a.erodyn~,mt.cbalance and
several drooped
were a,pp~ied to
i.sti-csof three
sizes.

positzone were I,nvestigatedb The results
the estirri~.tionof latarakcontrol chzu?acte=

.

hypothetical airplanes 03 widely different
*
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COEFFICZENkS, SYM30LS, AND7

The coefficients and symbols used

CORRECTIONS

in thenresentation.
and application of results are as follows:

c~

Ac ~

cd.

c3~

cna

cc
a

cha

c

WA-C*

b

v

s

a.

Ga

pb)”2V

T

P

3

section lift coefficient -,

increment of section lift coefftcien’t due to
aileron deflection

section profile drag coefficient

section pitching-moment coefficient Pbout quarter
chord of seotion . .

aileron section norml-force oosfficient (based
on total aileron chord)

aileron section chord-force coefficient (based
on total.aileron chord)

..

aileron sectton hinge-moment coefficient (b~,sed
-—

on total aileron chord)

airfoil chord including flap, fee”t

mean.aerodynamic chord, feet

wing span, feet

velocity> feet per second
●

Wing area, squar’efeet

angle of attack for infinite asnect ratio, degrees
.-

.zileron deflection, measured relative to the airfoil
chord line (~osttive when down), degrees

helix e.nglegenerated by wing tip,in roll, radians

angle of bank} degrees’ .

angle of sideslip (positive when right wing is
forward), degrees

.

.—- ..—
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Q angle “of’,yaw {pos~tive “hen 2.eftwing-is forward),
degrees

. . . ,,

..
t t i.me,seCW13S ,. .-

e fraction of control-wheel travel

F aileron vhe-elforce, pounds

In addition, the follpvlng s’~bols are employed:

oh = (~c~hq ‘“ “ ,, “’ .
= ‘g .(measured throu”gh”’a. = 0°)

. .
m a a

. .,

Ch = (bc~ /&’@*
CL a = 0° (measured through .CT = ~)

a

It should be noted that the a-ileron section normal-force J-

chord-force, and hingenmonent coefficients i~ere.based’oh the
total aileron chord rather than theustie.+ chord””aft of the hinge ‘
line-

The section Itft, profile dra~, md ?itching-moment
coefficients have been corrected for tunnel-van. effects by
the method of reference 2C A comp~rison’of foro+test results
“i?ithpresstire~dAstribution measurements of section lift and
pitching-moment coefficients indicated negligible end-plate
effect on ‘thesecoefficients, “The,end-j>lateeffect on the
profile-drag coefficients ~~asdetermined bya compm?ison of
measurements of the loss’af momentum in the ~~ing~Wce ~~ith
the’fore-e-testmeasurements. All the drag results M-ye been
corrected for this effect. .

.

,.,
., .

..0
. .
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It should be noted that no corrections.have been
applied to thehinge-moment c~fficients for the eff’e”cts.-

.

of the tunnel walls. This wkigdone because of the uncertain
effects of the hinge-line locations and the large ail&”o”n
deflections used on the absolute values of the corrections.
However, approximate values of .~chc~ computed for tk.e

.

various hinge locations by the method of reference 3 are
given in the follovi.ng table to indicate the order of .
magnitude of tinecorrections: ~ .. . . .. . ..-—.

~
13irp , ~ahc ~

location , .
.-—.

A, C, D? E ; ‘000021 [

B . t ~Qol~.4
~ I

R, V
/

_0024

s, w .0029 !
: T, X, U i ,0037

I 1
NO corrections have’been applied to tinerrieasuredtww .
dimensional hinge moments for their application to the ~
three-dimensional l-ateral-control celcula.tions.

The model was constnacted of le.minated ma~oganj;;ethe.
NACA 66(21b)-226(a = 0.6) profileof k-feet chord.
airfoil ordinates ”are given $n table Ic A 0.2>chord aileron
of the normal uing profile and,.&.002~-chord aileron of
straig-ht-sided profile uith a mod.ifi~d nose shape were tens-ted
(fig. 1). The aileron ordinates’are given in ‘tables 11 ““
and 111, respectively, The normal-profile aileron an~ the’””
slot shape (figs 2) used for tb.isin’vestigat.ionwere .
identical to the tlap and slmt A o’freference 4a —

‘This was the same riodel as that used for tineteGts of.
references 4 and ~. Howeverj the d-esi-gnationhas,been _ -
changed to conform with the new NAC4-system of airZo~l--—

. designation.



—

6
F

NAM .TNNo, 1386

m

The model is “shown mounted. vertioelly in the Ames 7- by
10-foot tunnel No. 1 In.figure 3. Turzrtables, 6 feet in
d.kmeter, were attached ri~idly to the mode> ant mounted.
flush with the tunnel floor md. ceiling.,.

.,
Each aileron was equipved.with a single ro’fl”ofpressure

orifices built into the upj~erand Ibwer ~urfaces @.tthe
.

midspan station. The orifice locations are listed in table IV.

Provisions were made for mechanic~.lly changing the
normal and chordwise location of the aileron as ,well aa the
aileron deflection. (The limits of @e Iiodel aileron
deflecting ap?xmatus were -17° and 500.) This permitted the
testing of the aileron in practically every position required
to simulate the movement about any given hinge location.

-. —

TESTS M!D PROCED’~7E

The tests were conducted at a @ynamic pressure of
SO pounds ;~ersquare f’oot;corresponding to a %ynolds

‘ number of approximately 5,100,000 and a ~%.ch n~wl!er of 0.19.

Certain undesirable chsr.actertstics were discovered for
an aileron of normal 13rofi.le. he these -ch~X~;.ct&i8ticswere
attributable to the nose shape F,nd.~~rofi>e, e.,strai.ght-sided
aileron with an altered nose skpe w-s tested. This aileron
will be referred to as the strd.f;h,t-~it!edc..ileronthroughout
the report.

The bp.sielift and drag t!at~,.used for choosing the
aileron hinge,locatiQlis to be tested for the straight-sided
aileron are presented,in figures ~!md, 5. Fj..&r@4 presents
contours of atleron locat+on for mayiinum section lift
coefficient and figure 5 presents ‘contours of aileron loc~.tion
for minimum profile tis,gcoeff’ici.ent. The reference point
for these contows was taken as,the intei-section of”the’.
r,irfoil chord line and.the aileron nosbrith th~..a$le,ronin
its retractei. position (st~.tion0.7532 fiord’on the clv’d .
line) . Similar data for the normp,l-profile atleron have
previously been presented in fi~ures 3 and 5 of reference 4.

A sumrary of’the’hinge positions tested listing the- “: ‘
flight coqdi.tion for which they were selected. is presented

..

.

—

.
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in tables V and VI for the nornal-profile anfithe etralght-
sid.edaileron~, respectively. .

Lift,,drag, and.pitching-moment measurements, as veil
.acpre~~ure-distribution measureaen~s o%-erthe .aileronsj
were made throughout theu~eful ang~e-o~-attack range for
constmt aileron deflection~. Hinge-mtiment, normal-force,
and chord-force coefficients were obtained by Vcchanicallj-
integrating plots of the norrwl and.chordwise pressure
di~tributi.on over the ~.i.lerons. The re~ult~t of the ~este
vtth deflected ailerons are presented ifit:hcform of section
lif;, drag, pitching-monent and PLleron M@e-fioment
coefficients as a fu.ncti~n.o:the p,i.lerond.e~lection. “Also
Lnc,luded are $ne allbr,on section.norzw.l- and chotid-force ..-.” –
coefficients for UFe in the etructur~.1 de~ign of drooped
ailerons.

,T.hedata for deflected ailerons are pr.eented for
.3corrected angles of.atte.ck of -4°, 0°, ~“, J and.12°, It

should be noted that the e.xpertnental data ve~e obtained
for a constant aileron d-eflection as a.function or the
uncorrected angle of attack before the final cross-plotting
against aileron deflection. The Fynbols are, therefore, not
the exact teet -~ointe on the.fi.nal cross :~lotsb~t have been
used to id-entify the d~.t.e..

.RE&ULTS Al\~DISCUSSION
,.

Normal-Profile Aileron

The effects of the slotted ailerons (u.ndeflected) on
the .sectiionaerod.ynaiii.ccharacteristics of the NACA 66(215)-216
(a = 0.6) airfoil are hewn in figure 6. As shown by this
figure, ‘the ‘effect of the undeflccted normp~-~rofile qlotted.
aileron wa~ to increase the drp.~of the.n.ilerqna.t.1OW ~~ ,_
intermediate lift coeffictent~, to d_scre~.setho slope of
the lift curve slightly, and. to CS.UQCe slight-decrecse of
the maxhun lift coefficient. Thera W@ also a “Sxall c~&ngg
of the ~it’thing-moment c_ha,~acterietic~,

.. . .... . —.
The’ section aerod.yn&ic che.r~,cteristicsobtained for

hinge posltion~ A to E (tqble Vj Yor the normal~p~ofile
aileron are pree-ented In figures 7to 11; A-reversal of
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slope in the variation of
with deflection for hinge
The reversal. which would

X-XA TN No. 1335
@

*

aileron hingevmoment coeffl.cient ._
position A is indicated in figure 7,
contribute to a nonlinear variation

of control fbrce Wth control deflection on an airplane$
occurs at an ai,lerondeflection of app~o@yately -10° for
angles of attack above OO. It was ‘in an effort to eliminate
this reversal that a modified aileron was designed and tested.
Computations are presented later in this report to illus-
trate further the undesirable characteristics of the norma.l-
profile control.

The effectiveness Qf the aileron was greatly reduced
when it was positioned..for minimum’ drag rather than maximum
lift as shown by hinge positions D and E (figs. 10 and 11).
Consequently, no further eons.iderationwas given such loca-

.-

tionse
.

Application of the results of the.tests of the no~mal~
profile ai,leronwith hinge locations A$ B, and.C to specific

.—

airplane configurations are presented and discussed later in
this report.

Straight-Sided,-Profile AiZeron

Because of the deficiencies itid.ioatedfor the normaL-
profile ailerons another aileron was designed and tested,
This aileron had a modified nose shape, altered to eliminate
the hinge-moment coefficient reversal exhibited ~y the normal=
profile control. ln an e~fort to provide a val~~e of Ch8

numerically smaller than that of the normal-profile ailerons
the profile vrasmade straigh>slded, (See table 111.)

As shown by figure 6, theeff’ect of the straight-sided .
aileron on the airfoil characteristic as compared with the
normal-profile aileron vas to increase the drag slightly at
low ahd intermediate lift coefficients, decrease tinelift-
curve sloj~eslightly, and decrease the ,?itchin~ moment.
During the course of the investigation it was necessary to
shorten the curtain to permit the testing of the straight-
slded aileyon as a slotted aileron with reduced balance.
(see table VI.) In general, the effect on the aerodynamic
characteristics of shortening..the curtain was to-magnify
the effects observed by changing.the normal profile to

—

.
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straighksi.gea~ It shauld be noted that discontinuity
in the lift curves often encountered ~~ithloundra.g airfoils
.stlow Reynolds numbers was nUch more noticeable with the
straight-sided aileron than ‘?ith the normal-~orofile at~eron
(fig. 6),

.
Compe.ri.sonof the d,ata. of figures 4 and ~ for the

straight-sided aileron with figures 3 and 5 in reference &
for:the normal-profile p.ileron indic~tes that there is little
effect upon the maximum li~t” and riiinimum ‘drag due _to changing
the aileron profile; furthermore, there is on?.y a sm~.11 Ob.tige

‘in the ~.ileron locations for optinum lift and drag. There $s
some vari?.tion in the shape of.the qantours, however, “this
may be partly due to yaria.tiofis in the size of the’araa
surveyed and to tke frequency of the survey points.

The section aerodynamic characteristics obtained for
hinge positions R to X (table VI) for the str~.ight-sid&d-
profile aileron are presented in figures 12 to lg. it should
be noted that the straight-sided Aleron exhibits the sa~e
hinge-moment revers~,l (figs. 12, 13, and 14) ~.s.that or the
normal-profile aileron (fig. 7) but to a lesser degree. A
comparison of the hinge-moment and effectiveness parameters
for the straight-sided aileron with various amounts of
balance (hinge positions Rz S, and.T) with those for the
normal-profile aileron ~~ith 43,3~-percent balance (hinge
position A) is shovm in table VII. It should be noted that
the stra>g~%sid.ed aileron gave the desired” reduction in cm

but at the expense of’a considerable loss in aileyo”n”ef’fe”~‘
——

ttveness ct~. The values of ch~ for the straight-sided.
aileron with 42,05-percent b~lance was -0,0013 with a Cta

of 0.037 as compared to a Ch8 of -0.0030 and a G z~ of
0,045 for the normal-profile a.i.leronvith ~3P35-percent
balance., Ho7flever,undue slgnificanoe should not be atte.ched .“
to these values since they arevalicl only for small aileron-
deflection and.angle-of-attack ranges.,

-.
In order to determine if the ailerons te~fed would meet

the requirements fbr a satisfactory lateral-co,ntrol device,
an estimate was made of the Iaterai-control characteristics

:of three hypothetical airplanes assuming a full-=pan-fla”p
installation incorporating droo:ped ailerons. The estimated -
characteristics were then compared V?ith the characteristics



required of a satisfactory Ia.teral control device.
F

Aileron
hinge posttions suitable for use in the high-speed flight
condition and for the landing apnro~.chTTere chosen for
investigation. For the hi.ghlspeed eon~.ltionVri-h the norm~.1-
profile aileron, hinge poqit$on A (the_only s.ppzjcableposi-
tion investigated) r:as chosen- 13ecaus.eof the low value
of %5 an~the hi~he.rvalue of ‘%8> hinge nosition R was
chosen for the straight-sided aileron .f_orthis condition-
TO keep the mechanism relatively simple, It W2S desired tc
investigate a position such that the aileron and hin~e could
be positioned by a single mech~nism for the landing apvroach.

.

To keep the.bala.nce unchanged, hinge pgsition C WaS therefore
used fo~ th-enormal-profile ail”cronanfihinge position V was

.-

used.~or the straight-sided. ?,ileron. For comparison, a.double-
hinge arrangement %s also investigs~ed- for the=e.gnroa.ch
condition (hinge position B for uositive deflections of’the
normel-nrofile p.ileronwith htnge position A for negative
deflections, and hinge no$ition U for nositive deflection of
the straight-sided s.ileronwith hinge positioner for negative
deflections) .

Estimation of the Characteristic of Airpla~~es
TTithDrooped-Aileron ~llStP.l~EitiOIIS

The airplanes chosen for analysis are tunes, widely
varyin~ ill~ize ‘i~hichmight profitably use a full-span-flap.
installation. $heir assumed characteristics are given in
table VIII. Airplane A 3.sa large, four enpi.ne,Iong-rengc
bomber; airplane B is a large, t:~o-engine,”p~.trol bOmber;
and airplane C is a c.arri.er-b~~ed.,cin~le-enwine, scout bomber,..

Computations have been made for rudder-locked rolls for
each of the three airplanes for the ~igh-speed ~light condition
and for the landing ap~roach with tk~ f!!aps~xtend.ed. The
section lift and profile-drag coefficiefitswere-fir~t converted
to rolling- and.yaving-rnoment cobfficie~ts by t~,emethod. of
references 6, 7, and($o These vplues verc then used for the -
calculation of pb/2V .~nd the angles.of b~nk, sidc+slip, and
yaw as a function of time by the method of references 9 ~.nd 10s

.

&-

.

r
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(The results of these c?.lculations @re 1~.ter referre~. to ~.s
the time histories of the roll.) These results are directly -
comparable with those of reference 5 for spoiler-type controls.

. .
Assum~tions.- In estimating the char~cteristics of the

airpl~~rooped-nileron instal.~a”tions, the follo’rin~
assumptions have been made:

1. Slotted ailerons ~f l+vercent total chord have been
~ssumed for all three airplanes.

,.

2. Rigid yings have been assumed throughout thecalcu-
lations. .-.

T No allowance has been !nndein the calcul.ationsfor
Mach ~~mber effects. .

4.. The values of ,pb/2V comzr~ted for the landing “.-.
approach have been assumed applicable to the landing condi-
tion.

.... I

5 The variation.of aileron deflect~on ‘~!ithcontrol-
vheel-~isplacernent shorn in figure 19 has been assuhede

-.
. 6.

-.
For the landing apw?oach the ailerons have ‘been

asmmed to be drooped sufficiently to give an increment of
section lift coefficient of O.~.. (This e.mounts to a deflec-
tion of about 3.60 for all three airplanes.) The estimated .
reduction in landing speeds (mph) due to drooptng the
ailerOnS and the hm?Lin~ approach. SpeedS Of the three
airplanes used In the ce.lculations are shovn in the fol’lo%
ing table: -.

Reduction in l.andinpspeed La~dinp appr-
! Air~lane ; due to drooped ailerons, mph. speed, mph’ ;

--

4.

-...

--

-.

I i
I I
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~~eater reduct~on~ could be obtained ~~th incp~as~d aileron
droop. However, some rolling effectiveness ‘.~ould.be sacri-
ficed if the droop were LncrS.ased.to-such a point. that the
resulttm aileron d.efle.ctionexceeds 40°~ .4~so, expe~iments
have ind~oated a deterioration in stalling ch~.racteristics
and-lateral st~bility near and.at the,stall of airplanes with

.-

full-svan flapn vhen the wing was too hea.yily loaded at the
tip. For theso reasons, more conservative deflections were
used. .

Calculated Wmra,cteristics.- Roll time histories were
corn~utad for each of the three airplanes eouipped.’~ith thq
norme.1-vrofile and strai~ht-sided ailerons for the high-speed
flight condition and for the landing approach. Tynical time
histories (assuming instantaneous control deflection) tare
presented in figure 20 for airplane A eaulpved vlth the ‘
straight-sided aileron for the high-speed and an:~roach condit-
ions. The variation of maximum pb/2V end ~~heel force vith
control travel for each of the three s.irplanes is she-m in
figure 21 for the normal-nrofile ail.eron and in figure 22 for.
the straighksided aileron.

Control effectiveness requirements.= For s.satisfactory
lateral-control device, the variation or rolling acceleration
with time immed.lately followin~ an abrunt control deflection
should alwdys be in the correct direction. Inspection of the .-
roll time histories indicated. that all three alrpl~nes.met
this requirement with either the normnal-profile.or strai.ght-
sid.edailerons Ha evidenced by tkie.pbsitive gradient of the. -
va~iation of pb/2V vith time.

At any sneed, the maximum rolling velocity ob”tainedby ‘“
abrupt deflectionof the lateral control with the rudder
locked in Its trim position should v~.rysmoothly with and be
apdproxim~.telyproportional to the control deflection. As
shorn by figures 21 “and 22, this rea.@.rement is also satisfied ‘ ‘
by all three airplanes with either ~ilevon.

The lateral control should be of sufficient power to
produce a win~tip helix angle pb/2V equal to or ~reater
than 0.09 for airplanes such as fighters, dive bombers, and
torpedo bombers, and 0,07 for horizontal bombers, cargo,
transport and primary training airplanes. in the high-s~eed u

flight condition with the rudder locked in its trim position.
The rcauired value~ of pb/2V are somewhat lower -for speeds
in e]~cess of 300 miles ner hour. The latera,l.oontrol should



13

q also be capable of producing a pb~,2V of’ 0.07 for all
airplanes in the landing cond.ition.yith “the ru”ddeti-locked in
Its trim position. & ~hovn by figur~s 21 and 22, airplane
C! fails to achieve the required pb/2V of 0.09 with either
aileron, reaching a value of only 0~06t3 with the normfi -”--
profile aileron and 0-074- with the straight-sided aileron.
This airplane has unusuall yshort-span aileions - only”29
percent of the wing span. To meet this reqtilrement the
aileron span would have to be increased to approximately ~~
percent of the wing span, The pb/2V for airplane A was
also slightly 10VTfor the approach condition (oqo67 compared “
witht.lherequ~~ed O.0~) with the straight-side~ aileron’.”-, ,
Airplane B reaches rather high val.Ves of pbt2V in the
approach condition because of a slight roll Inst-&bility four
this flight condition.

.. ----.--.._ ...

For all airplanes the productof th~ rolling velocity
and the wing sp~ should be at least 10 feet per second for
the landing condition when the air@aile_ is rolled wit~ e.brupt
full aileron deflection with the rudder locked in its “trim- “-““‘
position. The product of the rolling ~elocity and the wing -
span is shO!Tnin the folloz~ingtable for each of the three
airplanes:

-.

.

I ~Product of rolling velocity and wing span ~
. i Airplane Norm~l-profile i -Str.sight-sid.ed

I ,

I
f

ailer”on aileronk
I —

A 23.3 ‘ , 19*4 ~i
I

1

‘B .
i 3~.7 29.2 . .

c.!! 18.7 i 15*9 ., .;. “i

As show; by the above table all three airplane$ satisfy this
requirement with either ~,ileron. .-

. For horizontal bombers, cargo, and.transvort airplams
the “ratio pb/2V per 100° of wheel throv should be at least
0.05 up to 70 percent of the maximum ind.icated.level fl-igfi~ ~
speed in the high-speed. flight configur~.tion with the rudder,. ..-......---- ,=

,.. , ..
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locked in Its trim position. An inspection of jigures 19, ?
21, arid22 indicates that both airplanes A and B=satisfy this
requirementwith the straight-si’ded aileron but that airplane.
B i.s marginal vith.the norma&profile aileron. (Airplane C is
not affected by this requirement.)

Qontrol-forge requirements.- ~he v&riation.of lateral-
control farce with stick or ~?heel deflection in. the rolling
maneuvers previously discussed should be a smooth curve.with
sufficient gr~.dient-toprovide’ satisfactory control-centering

—

characteristics. As shown by figure 21 the.variation of
control force vith ~rheel deflection is unsatisfactory with
airplanes A and B with the normal-profile aileron? As shown
by figure 22 the variation is satisfactory for all three
airplanes with the straight-sided aileron, The control forces
appear to be great enou~h to provide satisfactory control-
centering characteristics for airplanes”-A and B with this
aileron, but airplane C might b.edeficie@ in this respect

—

unless special care is exercised to keep_ the control friction
small ● However It is obviously quite difficult to make an
accurate predic~ion of this characteristic.

With the rudder locked.in its trifilposition ‘“”itshould
be possible to obtajn the reauired values of pbj2V without
demanding forceti”ofthe pilot in excess of 80 pounds for
wheel-type controls and 30 pounds for stick-type controls~

● “

As sho?m by figure 21 neit~er.airplanes A nor E satisfy this
rea.uirement with the normal-profile aileron, ~S shown by
figure 22 the control forces are within the s~ecified limit
for ai.rplane.sA and C with the straight-@_ided aileron, but the
forces are still high for a rpl”kme B.

)
It should be noted that

the contr~l force for a pb 2V of,O.07 for airplane B was
red-uced from a value of 165 pounds ‘~ith the normal-profile
aileron to 92 pounds with. the straighksided aileron. The low
angleof attack required for the higk-speed flight condition
and resulting large hinge moments (fig, 32) of tti..up-aileron
contribute to the high control forces of this airplane. The
control forces for airplane B could.prob”ablybe reduced —
sufficiently by a slight adjustment of the aileron balance. —

From the foregoing discuss~on it has..been demonstrated
that fram the standpoint of lateral control the straigh~sided
drooped aileron c~.nbe used successfully on three airvl~mes

●

widely varying in size. ., -.
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Other reauirenents.- Other req”uiremente, such F.sthe ~.
maximum allowable redl~ction of roll velocity due to wing twist,
and so forth, are considered. to be beyond the scope of &is -
discussion= .-

A common criticism of drooped aile~+onshas been tl-ls,tthe
adverse yaw asa result’ of full.aileron deflection ~o~~idbe
too great in low-speed flight. i~o?fevel’, an inspection “cf.the
computed roll time h~stortes in~cated tblrat tkLe y~~’ due. tto

full aileron deflection vith.therutider locked did not result
in excessive angles of sideslip fop any o.ftl~eairplanes. In
addition, an investigation of t~.=rudder power av~ilable “ir.M-
cated that the rud~-erwould”he c~.p=bleof’trimming out the
adverse yaw,

Application to light a<rplaznes.- One p:~pl~catio.ncf
drooped ailerons, not previous~nstdered in this fiejort
is to the comparatively small airplane $lying at speeds not
much in excess of 200 railesper hour, such %s a ‘perso”nalG? a
small executive-type airp13.ne0 For sUCh an inst~llati.oni large
hinge-moment coefficients may be tolerated, in vllich-ce.se.one
hinge-location could be used for positive aileron .dtificctions
Tvith an alternate hinge loc~-tion for ne~ative deflections; ‘“ ‘----
the control would droop about the,hSnge center for po~itive
deflections and would then rotate ebout that same .sxj.s.~or
lateraZ control. A fl~rtkerstep could be taken in this t“ype
of installation by using large-span droope~;iilerons vlth no
other flaps. The merit of drooped ~-ilerons in such in~talu
lations would probably not be due so nuch to the r_educed
landing speed :~ossible (the increment ~:ould be ql~it~ shall _
for very low wing Ioadinps) as to t~e possibility of
increasing the wing loading ?:ithout an increage in landing ......-
speed~

Compa:”isonvi.th spoilersa- Another method of achi~~ing
lateral control T?hich retains the advanta~es of’full-span ~
flaps is the spoiler type of control, The maximum rate of
roll obtained by spoiler control for %e three exemplay air--
planes is compared with that obtaiqed frcuathe”drcope&-aLleron. -_
control in the high-speed and in the-approach condition in
figures 23 an~,2~,.respecti-:el>, ~0~*eac~~of ~~e airple-~e~”
a higher rate of roll is reacf:ed‘.-ithspg~ler control than
vitll the drooped ail’eron. The spoiler coatrol, ho’:eveti,
requires that ‘lfe&lerl[ailerons or sqme ot:qerartificM1.
method be used to provide the pilot ,M-i~hthe proper control” “-.. ..
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1

I

.

,

forces. The computations presented for the spoiler control
were taken from figure “23of reference”~,.

Drooped ailerons on thin wings~- All the data presented
in this report ~.’ere obtained from tests of a l~~ercent-thick
p,irfoilat”‘lowMach numbers. Preliminary design “consider&
t~o~s of ~o~ped ailerons on thin wings for use on vt?ry l’ligh-
spced”ai.rplaries ir?d.ic”ate that -many cofig~omises jn.the optimum
aerodynamic arrangement must be made because .Ofithe extreme .
thinness of the aft portion of.the airfoil.

CO?TCLU5101W ““- .“--
,

The results of the t~ind-tunnel invest3.~ationto deter-
mine the practicability of the duooved~sil.e~on type of
l~ter~-control device on Io?:-dzz.ag .sirfoi,ls indicated the
follo~~ing:

.,

, 10 Droo~ed ailerons can be ap~?lied to air:~l~.nesP-sa “
satisfactory lateral-control device,-RS shovn by calculations
of the lateral-control characteristics of three airplanes of
spans ranging from !5 feet to 1)41feet,

2. The.adverse yaw due to full aileron d.ef’lec~io~~~ould
not be so great as to produce excessive angles of sidesliy .
(rudder locked), or so great as to render the”rudder incagable
ot trimming the ai.rpls.neto zero sideslip. ,

3. Thermof’ile of the drooped @.ileronof the t~e tested
is critical as evidenced.by ‘the nonlinear hinge-moment chwo.c-
teristics of the normd-nrofile aileron.

4. The effectiveness of the drooped. aileron is scri.ously
reduced. When the aileron ia -positioned.for ratnimum drag rather
than maxiuum lift.

.=!
.-

Ames Aeronautic~ Laboratory,
National Advisory Committee for Aeronautics,’

“ ‘iIoffettField, C?.3if., July 1947..

n
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TABLE 11,- ORDINATES FORmm o.25-cHoRD
NORMAL-PROFILE SLOTTED AILERON ON THE
NACA 66(21~)-216(a.= o*6) AIRFOIL

[Stations and ordinates in
percent of airfoil chordj

Station

75.000
75 ● 521
76.042

81.250
82.292
$3*333 “
t$4*375
t$5.$17 .
67.500
t39.5~3 .
91.667
93.750
95.~33

, :3* 917

Tra

upper surface ~ Lower surface

-1.675
.042

~ 3.125”
.::: ;

?
3.667
3.62Ij
3.437
3s20&
2.646
2,0~3
1.542
1.062

.604

.271

-3
-~
-3
-3
-3
-3
-2
-2
-2
-2
-2
-1

.;62

s437
; 250
. Q62
.667

-1.292

ling-edge ratius = 0.0625

19
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T.4BIZIiI.- ORDINATES FOR THE O*2%CHORD
STRAIGHT-SIDED.S-WTTED AILERON OfiTHE
NACA 66(215)-216 (a = 0.6) JHRFOIL

[Stations and cwdinates in
percen~~f airfail chord ]

IStation‘1Upper surface.~Lower surface

I Trailing–edgeradiu~= 0.G625

aStraight lines from station ‘
~5.!17 t~gen’t to trailing-edge
radius,

—
NATIONAIIADVTSORY

COMKM’2E3IOR AERONAUTICS
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TABLE IV,- PRESSURE-ORIFICEU3CATIONS TN THE
AImONS ON THE NACA 66(215)-216 (a = 0.6 ) AIRFOIL

lStation, percent Location
airfoil chord

75.00 Lead-trig-edge
75.31 Upper and lower surfaces
7 .63
2

do●

~ ●3 do●

77*51 d~●

7~.76 do.
~o.ol do.
/32.’52 do●

/33:;’

i

do●

do,
90,0 do,
92,54 dot
95.05 do,
97.56 d’),
9G.81 do.

‘Flap retracted.

NATIOIWLADVTSORY
COMMITTEEFORAEWNAUTICS
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